The pathway of allosteric control as revealed by hemoglobin intermediate states.
The energetics of hemoglobin cooperativity has been analyzed through the use of stable, partially-ligated intermediates. These studies revealed that the two dimeric halves of the tetramer are autonomous, leading to a Symmetry Rule that governs the relationship between ligand-binding and the T-->R quaternary switch: the R structure is favored over T only when ligands are bound to both dimers within the tetramer. A major feature of the Symmetry Rule mechanism is the generation of cooperative free energy by tertiary conformational constraints, which are formed within one dimeric half of the T-tetramer and released during the quaternary structure change to R. These rules of tertiary and quaternary molecular switching also govern the roles of the heterotropic allosteric effectors (e.g. Bohr protons).